regulate key pathways in cancer invasion and metastasis. In this observational retrospective study, the expression of the oncogenic lincRNA HOX transcript antisense RNA (HOTAIR) gene was measured in 63 patients with hepatocellular carcinoma (HCC) following hepatic resection. The HOTAIR gene was significantly overexpressed in HCC tissues compared with adjacent non-tumour tissues. Patients with high HOTAIR gene expression in their tumours had an increased risk of recurrence after hepatectomy. There was also a significant correlation between HOTAIR expression and lymph node metastasis. In vitro assays in the HCC cell line Bel7402 demonstrated that knockdown of HOTAIR lincRNA reduced cell proliferation and was associated with reductions in levels of matrix metalloproteinase-9 and vascular endothelial growth factor protein, which are important for cell motility and metastasis. In conclusion, HOTAIR lincRNA might be a potential biomarker for the existence of lymph node metastasis in HCC.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide and the third cause of cancer-related deaths. 1 Although HCC occurs most frequently in Eastern Asia, Middle Africa and some West African countries, the incidence and mortality rates for HCC have been increasing in the USA and Central Europe over the past 25 years. 2 -4 Unfortunately, despite efforts to improve its prognosis, the overall survival of patients with HCC is still unsatisfactory. 5, 6 The poor prognosis of HCC has been correlated with tumour metastasis and recurrence. 7 Thus, it is important to understand completely the molecular mechanisms involved in tumour metastasis in HCC, and to find a reliable clinical marker for HCC diagnosis and prediction of clinical outcome.
Large intervening non-coding RNAs (lincRNAs) are non-protein-coding RNAs that are pervasively transcribed throughout eukaryotic genomes. 8 -10 The lincRNAs can YJ Geng, SL Xie, Q Li et al. HCC metastasis is associated with HOTAIR expression play important roles during dosage compensation, imprinting and homeotic gene expression. 11 -13 Studies have revealed that lincRNAs regulate key cancer pathways at transcriptional, post-transcriptional and epigenetic levels. 14 -16 One example of such an oncogenic lincRNA is HOX transcript antisense RNA (HOTAIR), which is expressed from the HOXC locus and was initially discovered as a gene repressor of HOXD genes. 17, 18 Recent research has found that the HOTAIR gene is significantly overexpressed in breast tumours. 19, 20 Furthermore, the extent of HOTAIR gene expression in primary breast tumours is a powerful predictor of patient outcomes such as metastasis and death, 19 but the function of lincRNA HOTAIR in the progression of other human cancers has not been fully elucidated.
The present study investigated whether expression of the HOTAIR gene was associated with HCC growth and metastasis. Accordingly, the level of HOTAIR lincRNA in HCC tissues was investigated and its potential relationship with clinicopathological parameters and tumour recurrence was analysed. The role of HOTAIR lincRNA in invasion and metastasis during progression of HCC was also investigated using in vitro assays.
Patients and methods

STUDY POPULATION
In this observational retrospective study, samples of HCC tissues and adjacent nontumour liver tissues, within a range of 2 cm from the tumour, were obtained from patients with HCC who underwent surgical hepatectomy between January 2006 and January 2008 in the Department of General Surgery, the First Clinical Hospital of Jilin University, Changchun, China. None of the patients received preoperative chemotherapy or radiation therapy. The diagnosis of HCC was confirmed in all cases by pathological examination.
Experiments involving humans conformed with ethical principles of research and were approved by the Ethics Committee of Jilin University, Changchun, China. All participants provided verbal informed consent for the use of their tumour samples.
CELL CULTURE
The HCC cell line Bel7402 was grown in Dulbecco's Modified Eagle's Medium, supplemented with heat-inactivated 10% fetal bovine serum (HyClone Laboratories Inc., Logan, UT, USA) at 37°C in 5% carbon dioxide in a humidified incubator.
RT-PCR ANALYSIS OF HOTAIR LINCRNA LEVELS
Total RNA from the HCC cell line Bel7402 (2.5 × 10 6 cells) and from samples of HCC and adjacent non-tumour tissue (100 mg) was extracted using TRIzol ® reagent (Invitrogen Corp., Carlsbad, CA, USA), and 0.5 µg of each sample of RNA was reversetranscribed into first-strand cDNA with a reverse transcription (RT) reagent kit (Takara Biotechnology [Dalian] Co. Ltd, Dalian, China) according to the manufacturer's protocol. Real-time quantitative polymerase chain reaction (PCR) was performed with a QuantiTect SYBR ® Green PCR kit (Takara Biotechnology [Dalian] Co. Ltd) in a 10-µl reaction volume, which contained 5 µl of SYBR ® Green I PCR mix, 0.2 µM each of forward and reverse primers, 1 µl of diluted cDNA template and appropriate amounts of sterile double-distilled water. Conditions for the amplification of HOTAIR lincRNA were as follows: preliminary denaturation at 95°C for 5 min, followed by 40 cycles of denaturation at 95°C for 15 s, annealing at 64°C for 45 s and elongation at 72°C for 60 s, followed by a final elongation step at 72°C HCC metastasis is associated with HOTAIR expression for 5 min. Real-time PCR was carried out on an ABI PRISM ® 7300 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). All quantifications were performed with human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the internal standard. Primer sequences used in the PCR were as follows: HOTAIR: 5′-GGTAGAAAAAG CAACCACGAAGC-3′ (sense), 5′-ACATAAAC CTCTGTCTGTGAGTGCC-3′ (antisense); and GAPDH: 5′-CCGGGAAACTGTGGCGTGATGG-3′ (sense), 5′-AGGTGGAGGAGTGGGTGTC GCTGTT-3′ (antisense).
The relative quantification of gene expression was analysed by the 2 -∆∆CT method 21 and the results were expressed as extent of change with respect to control values. All experiments were repeated at least three times.
KNOCKDOWN OF HOTAIR GENE EXPRESSION
To evaluate the effect of loss of HOTAIR expression, the gene was silenced using the RNA interference method. Two pGCsi-U6/neomycin (neo)/red fluorescent protein (RFP) reporter plasmids, for the knockdown of HOTAIR gene expression, and a control were constructed by the GeneChem Company (Shanghai, China). The target sequence of the HOTAIR short-hairpin RNA (shRNA-HOTAIR) was CCACATGAACGC CCAGAGA. The negative control shRNA (shRNA-scramble) contained a scrambled sequence with the same nucleotide composition.
The BEL-7402 cells growing in log phase were seeded into six-well plates at 4 × 10 5 cells/well. When the cells were at approximately 70% confluence, the shRNA-HOTAIR and shRNA-scramble plasmids were transfected into the BEL7402 cells using Lipofectamine™ 2000 (Invitrogen Corp.) according to the manufacturer's instructions.
For each well, 4 µg plasmid DNA was mixed with Opti-MEM ® I Reduced Serum Medium (Invitrogen Corp.) at a total volume of 250 µl. The mixture was then combined with a solution of 10 µl Lipofectamine™ 2000 in 240 µl Opti-MEM I Reduced Serum Medium. After incubation for 4 h at 37°C, Dulbecco's Modified Eagle Medium supplemented with 10% fetal bovine serum (HyClone Laboratories Inc.) was added to the wells, and cells were cultured for an additional 48 h at 37°C. Then, the cells were subjected to G418 selection (600 µg/ml). After 2 weeks of selection, stable shRNA-expressing BEL-7402 clones that showed RFP under fluorescence microscopy were chosen, expanded and maintained in medium containing G418 (200 µg/ml).
MTT ASSAY FOR CELL PROLIFERATION
Cell viability/proliferation of Bel7402 cells transfected with either the pU6mRFP shRNA-HOTAIR or the pU6mRFP shRNA-scramble plasmid was measured using the 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Sigma-Aldrich, St Louis, MO, USA) following the manufacturer's instructions. Briefly, transfected Bel7402 cells, in 96-well plates (5 × 10 3 cells/well), were treated with 20 µl of MTT (5 mg/ml) at days 0 -6 of culture and the plates were incubated for 4 h at 37°C. The blue formazan crystals that formed were dissolved in 150 µl dimethylsulphoxide and the optical density was determined by absorbance spectrometry at 490 nm using a microplate reader. Growth curves over the 6day period were plotted.
WESTERN BLOT ANALYSIS OF VEGF AND MMP-9 PROTEIN
The cultured Bel7402 cells (2.5 × 10 6 cells/ml) were washed with ice-cold 0.01 M phosphate HCC metastasis is associated with HOTAIR expression buffered saline (PBS), pH 7.2, and lysed in lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM saline, 1% Nonidet™ P-40 and 0.1% sodium dodecyl sulphate (SDS) supplemented with protease inhibitors. Protein concentrations were determined with the Bio-Rad protein assay reagent according to the Bradford method (Bio-Rad, Hercules, CA, USA). Samples were subjected to 10% SDS-polyacrylamide gel electrophoresis analysis, after being boiled for 5 min, and were then transferred electrophoretically to polyvinylidene difluoride membranes (Millipore, Billerica, MA, USA). Blocking was performed in 5% non-fat dried milk in 1 × Tris-buffered saline containing 0.1% Tween 20 (TBST; pH7.6) at room temperature for 1 h. The membranes were then incubated with either rabbit antihuman vascular endothelial growth factor (VEGF) protein antibody (1 : 300 dilution; Santa Cruz Biotechnology, Santa Cruz, USA), rabbit antihuman matrix metalloproteinase-9 (MMP-9) antibody (1 : 350 dilution; Santa Cruz Biotechnology) or rabbit antihuman βactin antibody (1 : 1000 dilution; Jingmei BioTech Co., Beijing, China) overnight at 4°C under constant agitation. The membranes were washed three times with 1 × TBST, then incubated with a horseradish peroxidase-conjugated antirabbit secondary antibody (1 : 500 dilution; Santa Cruz Biotechnology) for 1 h at room temperature under constant agitation. The membranes were washed a final three times with 1 × TBST and proteins were visualized using an enhanced chemiluminescence system (ECL™; Amersham, Little Chalfont, UK).
STATISTICAL ANALYSES
Statistical analyses were carried out using the SPSS ® software package, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Data are presented as mean ± SD and were analysed using the Student's t-test. The samples were divided into high and low HOTAIR groups based on a cut-off determined by receiver operating characteristics (ROC) curve analysis. Recurrence-free survival probability was analysed by the Kaplan-Meier method and the differences between the two groups based on HOTAIR gene expression were estimated by the log-rank test. A value of P < 0.05 was considered to be statistically significant.
Results
A total of 63 patients with a diagnosis of HCC were included in the study. Table 1 shows the relationship between HOTAIR gene expression and selected clinicopathological parameters. The level of HOTAIR lincRNA did not vary significantly with gender, age, presence or absence of hepatitis, presence or absence of cirrhosis, tumour size, tumour number, presence or absence of portal invasion and preoperative α-fetoprotein (AFP) level. HOTAIR lincRNA levels were significantly higher in tumour samples from patients with lymph node metastasis (P = 0.003). A total of 48 of cases (76%) exhibited higher levels of HOTAIR in tumours than in adjacent non-tumour tissue (P < 0.05; Fig.  1A) .
The associations between HOTAIR gene expression and prognostic data were analysed by univariate and multivariate survival analysis. On clinicopathological correlation analysis, 50 patients were divided into two groups based on HOTAIR gene expression; 13 patients were excluded because, after hepatic resection, they received antiviral therapy for chronic hepatitis B or C, had intra-arterial infusion chemotherapy, or died of other diseases. The high-and low-HOTAIR groups were determined based on a cut-off calculated by ROC analysis; taking both sensitivity and HCC metastasis is associated with HOTAIR expression specificity into account, a cut-off of 2.5 for HOTAIR mRNA level, relative to the control, was selected as it showed a sensitivity of 86% and specificity of 82%. There were no significant correlations between HOTAIR lincRNA levels and any single clinicopathological characteristic including age, gender, preoperative AFP level, tumour number or tumour size. The 3-year cumulative recurrence-free survival in patients with HCC who had high levels of HOTAIR lincRNA was significantly lower than in patients with low levels of HOTAIR lincRNA (P < 0.05; Fig. 1B ). c Lymph nodes were located in the hepatic pedicle, retropancreatic space and common hepatic artery stations and were examined by the pathologist after partial hepatectomy. HCC metastasis is associated with HOTAIR expression
TABLE 1: Relative levels of HOX transcript antisense RNA (HOTAIR) large intervening non-coding RNA (lincRNA), assessed by quantitative real-time reverse transcription-polymerase chain reaction, in tumour samples from patients (n = 63) with hepatocellular carcinoma who
To investigate the role of HOTAIR expression in the growth and metastasis of HCC, the impact of altered HOTAIR lincRNA levels on the proliferation of the HCC cell line BEL7402 was evaluated. When BEL7402 cells were transfected with the pU6mRFP shRNA-HOTAIR plasmid, HOTAIR levels were effectively reduced compared with BEL7402 cells transfected with the control pU6mRFP shRNA-scramble plasmid (P < 0.05; Fig. 2A ). The growth rate of BEL7402 cells transfected with pU6mRFP shRNA-HOTAIR was inhibited compared with control BEL7402 cells transfected with pU6mRFP shRNA-scramble (P < 0.05; Fig.  2B ).
The levels of VEGF and MMP-9 protein in BEL7402 cells transfected with either pU6mRFP shRNA-HOTAIR or pU6mRFP shRNA-scramble, as measured by Western blot analysis, were significantly reduced in BEL7402 cells transfected with pU6mRFP shRNA-HOTAIR compared with control BEL7402 cells (P < 0.05; Fig. 3 ).
Discussion
The molecular pathogenesis of HCC is not fully understood, although an imbalance between tumour-suppressor gene and oncogene expression is thought to be involved. Research points to the need for an expanded definition of oncogene expression that includes both protein-coding genes but also 'oncogenic non-coding RNAs'. 14, 22, 23 HOTAIR is an example of an oncogenic lincRNA that has been found to be a predictor of patient outcomes such as metastasis and death in breast cancer. 19, 20 Whether the HOTAIR gene performs the same function in the progression of other human cancers remains unknown.
The present study suggested that the HOTAIR gene was significantly overexpressed in tumour tissue from patients with HCC compared with adjacent non-tumour tissue. Furthermore, patients with high levels of HOTAIR gene expression in their HCC tumours had an increased risk of recurrence after hepatic resection, which was directly linked to their long-term survival. These results were mostly concordant with research on HOTAIR gene expression in HCC patients after liver transplantation. 24 Most importantly, studies have indicated that lymph node metastasis in patients with HCC is closely related to lower survival rates. 25 -27 An accurate diagnosis is necessary to inform treatment selection. Selective lymphadenectomy of lymph node metastases from HCC is a feasible and efficacious procedure. 25, 26 Selection of HCC patients for liver transplantation according to the University of California, San Francisco criteria and the Pittsburgh criteria is based on the presence or absence of lymph node metastases as an important condition. 28 -30 A definitive diagnosis of lymph node metastasis of HCC is difficult, however, without histological evidence. The present study demonstrated a significant correlation between HOTAIR gene expression and lymph node metastasis, suggesting that measuring HOTAIR lincRNA is potentially a biomarker for predicting lymph node metastasis.
To understand the role of HOTAIR gene expression in regulating HCC progression, a series of in vitro assays was performed. After shRNA-HOTAIR was transfected into the HCC cell line BEL7402, the growth rate was reduced compared with that seen in the control groups, which suggests that HOTAIR expression affects the proliferation of HCC cells. As VEGF and MMP-9 play important roles in tumour progression, 31 -33 the levels of these proteins were measured in transfected BEL7402 cells using Western blot analysis. The knockdown of HOTAIR lincRNA levels in these cells was associated with a reduction in both VEGF and MMP-9, suggesting that HOTAIR expression might regulate HCC progression by the upregulation of these proteins. The detection of nucleic acids as part of the diagnostic criteria for use in clinical analysis has been extensively researched. 34 -36 Indeed, the expression profiling of microRNAs has been successfully used for cancer classification, distinguishing the developmental lineage and differentiation state of the tumours. 37, 38 Consequently, the ability to apply new genomic technologies to the profiling of multiple cancers is already a reality. Further research is needed, however, in order to be able to apply this research in routine clinical practice. Thus, subsequent research will focus on developing specific standards for the detection and quantification of HOTAIR lincRNA. Whether HOTAIR is expressed in nucleated cells in the serum of HCC patients will also be investigated.
In summary, the present study demonstrated an association between HOTAIR expression and HCC metastases, and the risk of recurrence after hepatic resection. These results suggest that the HOTAIR lincRNA level may be useful as a novel biomarker for the intrinsic characteristics of HCC. The mechanism by which HOTAIR expression affects tumorigenesis remains unclear and will be the subject of further research.
Conflicts of interest
The authors had no conflicts of interest to declare in relation to this article.
2126
YJ Geng, SL Xie, Q Li et al. HCC metastasis is associated with HOTAIR expression 
